Team behavior and coordination, particularly communication or team information-sharing, are critical for optimizing team performance; research in medicine generally provides no accepted method for measurement of team information-sharing. In a controlled simulator setting, we developed a technique for placing clinical information (probes) with members of a team of trainees participating in a 1-day Anesthesia Crisis Resource Management course and later tested the teams for knowledge of the probes as an indicator of overall team information-sharing. Despite the low level of team information-sharing, we demonstrated construct validity of the probe methodology by the correlation of measured change in team information-sharing from beginning to end of training with self-rated change. There was no statistical difference in "group sharing" from beginning to end of training, despite trainees' survey responses that the course would be useful for their education and practice. D espite improvements in the safety of medical practice, human errors and system failures continue to have a substantial role in adverse outcomes in health care (1-3). Team performance has been identified as an important focus for safety and quality improvement, illustrated by efforts to train operating room (OR) teams in behaviors found useful in airplane cockpit crews (4 -6). There is considerable evidence that team communication or informationsharing is one of the most important team behaviors for developing common situation assessment, overcoming groupthink, stimulating creative problem solving, learning from experiential feedback, encouraging full participation, and achieving enhanced performance (7-9).
D
espite improvements in the safety of medical practice, human errors and system failures continue to have a substantial role in adverse outcomes in health care (1) (2) (3) . Team performance has been identified as an important focus for safety and quality improvement, illustrated by efforts to train operating room (OR) teams in behaviors found useful in airplane cockpit crews (4 -6) . There is considerable evidence that team communication or informationsharing is one of the most important team behaviors for developing common situation assessment, overcoming groupthink, stimulating creative problem solving, learning from experiential feedback, encouraging full participation, and achieving enhanced performance (7) (8) (9) .
Rigorous methods to assess communication in high performing teams in acute settings are difficult to apply because direct observation and/or videotape coding are time consuming, logistically complex, and require training and certification of observers/coders to achieve acceptable inter-rater reliability. In prior studies, the degree of inter-rater reliability typically has not been very high and it becomes even more problematic when behavioral skills, as compared with technical skills, are considered; however, some studies had better success (10 -13) . Our goal was to develop a new measurement technique and test its validity as applied to team communication during critical events in a highly realistic simulated OR setting.
OR teams exemplify highly interactive crossfunctional groups whose performance is primarily determined by team composition and communication.
Team members must have technical knowledge and skills as individuals, but also must work together by sharing information effectively (14 -16) . Edmondson (17) showed OR teams learned a new surgical technique more rapidly if there was a climate of openness that encouraged a free exchange of information; team leaders were essential in establishing that climate by allowing others to feel safe in bringing up information. Similarly, a study using a team-training curriculum showed information-sharing to be one of the major determinants of team performance (7) .
Team performance is reduced when members fail to share unique information with other members of the team (18, 19) . Stasser (18) showed that team members who have some common and unique information tend to spend time discussing common information, fail to share enough unique information, and therefore make poor decisions. Real-world studies of high-level political decisions (20) and airline crashes (21, 22) demonstrate that groups make poor decisions when members fail to speak assertively.
We studied teams of anesthesiology faculty or residents participating in a 1-day training program in a simulated OR setting. Individual team members were given "probes" or pieces of specific, potentially important information for patient management. The focus of the study was "team information-sharing," defined as the extent to which team members conveyed probes to other team members and measured by the number of team members who reported knowing the probe on a post-scenario written questionnaire. The definition and measures of team information-sharing are sufficiently general to apply to a broad range of medical as well as nonmedical teams.
Because there is no accepted criterion for measuring team information-sharing, construct validity was assessed by demonstrating the relationship of the new measures to theoretically relevant variables (see Hypotheses 2 and 3 below). The hypotheses of this study were:
1. There will be a low rate of information-sharing among team members during simulated critical events. We have observed this repeatedly in courses that are designed to improve such behaviors during critical events but it has never been quantified. 2. Any change in measured team informationsharing from the first scenario of the day to the last will correlate with team members' selfreported change. 3. There will be increased information-sharing from the first scenario of the day to the last, as intended by the training.
Methods
Ethical approval was obtained from the IRBs of the institutions affiliated with this study before the enrollment of any subjects. Informed consent was obtained from all subjects from both the pilot and experimental teams, who were drawn from faculty, fellows, and residents (second or third year of training) of the four hospitals assigned to attend regularly scheduled Anesthesia Crisis Resource Management (ACRM) courses. Because there are many continuing simulation programs, the ability to quantify and meaningfully compare prior simulation experience was believed not to be practical, and therefore was not attempted. All participants in a given course composed a temporary team, resulting in teams of 3-5 members (mean ϭ 3.9, sd 0.70). Team members were composed of trainees from all of the four affiliated hospitals. There were 22 pilot teams studied over an 8-mo period to develop the methodology and 10 experimental teams studied over a 4-mo period (7 faculty and 3 resident/fellow courses). The subjects were not given any information about the purpose or methods of the study; they were only told that we were looking at general aspects of team behaviors.
Setting
The training used a realistic simulation-based ACRM curriculum developed by Gaba et al. (4 -6) and derived from Crew Resource Management training for aviation crews. Experiments were conducted during regularly scheduled ACRM courses, using a computer-controlled mannequin with human-like features and physiologic functions in a highly realistic, simulated medical environment. The anesthesiology teams performed a set of tasks that require actions essentially identical to those used during actual patient care. The remainder of the clinical personnel (surgeon, scrub nurse, technician, radiologist, etc.) were role-playing staff experienced in the domain. Scenarios involved responding to challenging clinical events. Each team received three or four training scenarios throughout the day, each followed by debriefing emphasizing crisis resource management concepts including effective communication among team members. The evolution of the anesthesia teams was natural and no attempt was made to assign specific roles or tasks to the trainees.
Pilot Teams
Twenty-two pilot team trials were conducted to develop and refine the methodology. In this developmental stage, we overcame several challenges including definition of the "team," probe development, and appropriate wording of our questionnaires. Probes were developed by the research staff, reviewed by multiple domain experts associated with our center, then tested to identify ones that a majority of the trainees rated as important for optimal patient care. Iterative changes were made until a majority agreed that the information was important. Finally, we tested various versions and formats of postscenario questions to assess information-sharing, and found that the questions had to be very specific to best ascertain the information we were looking for regarding information-sharing.
Experimental Teams
Teams were randomly assigned to receive one of two test scenarios, A or B, during the first session of the day and the other scenario during the final session of the day. Five teams received A first, and five received B first. The test scenarios each had four probes to be given to team members.
Scenario A was a respiratory arrest of a complex surgical patient who was 2 days post-motor vehicle collision and required a splenectomy and a cervical spine fusion. The patient had developed a fever and was brought to the computed tomography (CT) scanner to assess whether an abdominal abscess had developed. The patient's head and neck were stabilized in a halo fixation device. The entire anesthesia team (ACRM trainees) was called to the CT scanner to manage a respiratory arrest of unknown etiology. The four probes for this scenario were that the patient was receiving a nebulizer treatment for respiratory distress, human immunodeficiency virus positive, on a morphine infusion, and had a steering wheel mark on his chest.
Scenario B was a trauma patient who had been involved in a motor vehicle collision and returned to the hospital after leaving earlier in the day against medical advice. The initial patient workup showed a possible splenic fracture. The patient was taken to the OR for exploratory laparotomy after reevaluation in the emergency room. As team members arrived, the patient was in the OR with pain and distress. The four probes were: the patient had 4 -5 L of crystalloid in the emergency room, a shadow on the chest radiograph, positive cocaine toxicology test, and cefoxitin had been administered on route to the OR.
Procedure
Team members wore and were identified by randomly assigned color-coded nametags. During each scenario, different role-playing staff (e.g., surgeon or nurse) placed the probes by isolating one of the team members and telling or demonstrating the predefined information. To maximize our ability to track the information-sharing reliably, every effort was made to convey the information privately without giving other team members an occasion to overhear the probe. Immediately after the scenario, probe-placers documented whether they believed they were able to place the probe effectively and to whom. Each trainee was asked to complete a questionnaire about their knowledge of the four probes, the source of their information, and if they believed this information was important for optimal care of the patient (yes or no). Probe awareness was measured by specific questions (e.g., "Were you aware that the patient had a steering wheel mark on his chest"?) followed by a multiple-choice question about how they obtained the information (unaware; told or demonstrated by anesthesia team member, role-playing simulation staff, or unsure; selfdiscovered; and other source).
Immediately after completion of the questionnaires, trainees' responses were reviewed in an open discussion led by the investigators. If for any reason the trainees believed their answers did not reflect the actual events, they made changes and notations on the questionnaire.
During debriefing of the scenario, a trained faculty or staff facilitator guided a self-discovery process with the aim of educating trainees about the importance of information-sharing. This included review of the questionnaire illustrating how sharing of probe information may have aided patient management and review of communication factors such as creating an open atmosphere, communicating directly and succinctly, and using repeat back (closed-loop) communication.
After the first scenario, a lecture on ACRM principles was presented, as is routine for these courses (6) . During subsequent scenarios and preceding the final scenario, instructors facilitated discussions of ACRM principles, reviewed videotapes of the scenario with the team, and discussed methods to improve performance. There were no probes introduced into the nonexperimental scenarios.
During the final scenario of the day, four probes were placed. The role-playing staff members and the individual trainees completed questionnaires as in the first scenario.
At the completion of the course, trainees completed a questionnaire to assess their perception of changes in information-sharing from the first to the last scenario, and whether the communication intervention was useful to their education and future practice. Three neutrally worded questions used a 7-point response scale from significantly improved through significantly deteriorated (3 ϭ significantly improved; 2 ϭ improved; 1 ϭ somewhat improved; 0 ϭ no change; Ϫ1 ϭ somewhat deteriorated; Ϫ2 ϭ deteriorated; Ϫ3 ϭ significantly deteriorated). The average score from all the team members' responses was used as the self-perceived change score.
Success of Probe Placement
Because of the complex team responses and behaviors surrounding the teams' care of the acute cases, it was important that we study only those probes successfully placed with only one anesthesia team member. The questionnaire data at times had conflicting information about the flow of information. The rules for successful probe placement were: a. The probe placer was confident that the probe was placed with one team member and had not been overheard, and 1. Team member was confident they received the information from the probe placer, or 2. Team member was unsure from whom they received it, but no other team member reported overhearing the probe. b. The probe placer was confident that the probe was given to one team member but unsure whether it had been overheard, and that team member was sure they had received the information from the probe placer, but no other team member reported overhearing the probe.
If two team members reported receiving the probe information from a probe placer, even if the probe placer was confident it was not overheard, the probe was considered not properly placed (possibly overheard).
Information-Sharing
To measure if probe information was shared with other team members, we defined Group Sharing as the percentage of probe information shared relative to the maximum possible information-sharing, counting only those probes that had been properly placed. For example, if 3 of the 4 probes were properly placed with 4 team members, the maximum amount of sharing was 9 (each probe could be shared with up to 3 others, times 3 probes).
Results
Of the 80 probe placements (10 teams, 2 scenarios per team, 4 probes per scenario), 46 were successful (56%, see Table 1 for team data). Twenty-six (33%) were overheard or possibly overheard, 6 (8%) were not placed or possibly not placed, and 2 (3%) were uncertain. There were no statistical differences for successful probe placement for scenario, order, or subject type using table analysis (P values all Ͼ 0.2). Very rarely did trainees change their mind after discussion as to whether they had been told or demonstrated probe information, had discovered the information themselves, or did not know the information (3 of 176 responses or 1.7%).
All 8 probes were rated as important for optimal care by a majority of participants (average 85%, sd 13%, range 58%-100%). Only being human immunodeficiency virus positive in the CT scan scenario was rated Ͻ75%.
For the Group Sharing measure, the average team information-sharing was 27% (Table 1 ). There was no statistical difference between the first (28%) and the last scenario (26%), or between the Trauma scenario (34%) and the CT scenario (20%), although the Trauma scenario advantage approached significance (comparing the average team Trauma-CT scenario score in Table 1 against 0, t ϭ 1.93, df ϭ 9, P Ͻ 0.10). Of 20 scenarios within 10 trials, 15 demonstrated sharing at least 1 data probe.
Trainees evaluated their team's communication performance comparing the first to the last scenario, reporting an average improvement score of 1.76 (between "somewhat improved" and "improved," sd 0.94). They reported that the communication training exercises after the first and last scenario "were helpful to my understanding of communication skills" (average improvement score of 2.25, sd 0.59) and "will help improve my communication in my actual clinical setting" (average improvement score of 2.21, sd 0.54). Self-ratings of improvement during the day correlated significantly with measured change in group sharing (r ϭ 0.65, P Ͻ 0.05; Fig. 1 ).
Discussion
We demonstrated the plausibility of measuring team information-sharing by inserting and tracing probes in simulation-based training sessions. Although it was possible to insert the probes without revealing the focus on information-sharing or the experimental methodology, it was difficult to design probes that were salient yet not obvious and insert probes without having them overheard (approximately one-third were possibly overheard).
Through a written questionnaire, we were able to measure the degree to which information was shared among team members in a simulated critical event. Trainees frequently did not remember how or from whom they received the information probe and sometimes their recollection was logically inconsistent (e.g., a participant claimed to have been given information by another trainee who, in turn, denied knowledge of the information and had never been given the information directly). Although memory for the source of information was poor, as has been found in other studies of witness memory (23, 24) , information recall itself was generally reliable. Interestingly, salient clinical information given to individuals was only shared with 27% of others, consistent with research on team communication showing team members are much more likely to share redundant, common information than to share unique information (18, 19, 25) . This is an important finding about teamwork in health care settings, supporting Hypothesis 1, and argues for development of effective techniques to improve this critical behavior. It may be that reluctance to share information was a product of the unfamiliar simulated environment.
After training, trainees perceived improvement in information-sharing but there was no change as measured by differences in probe transmission rates from the first to last scenarios, failing to support Hypothesis 3. We cannot determine if this was caused by insensitivity of the information probe method, or an inadequacy of the training to elicit an immediate behavioral change in participants. However, differences in measured probe transmission rates did correlate with selfrated improvement in information-sharing, a demonstration of construct validity supporting Hypothesis 2. Along with its face validity, this argues that probe transmission rates measure team information-sharing.
The fact that teams did not increase informationsharing with training is not a completely unexpected finding. Complex behavioral skills, such as team communication, may be difficult to change. Improving team communication may require more time for reflection, training at work, or more intensive simulator training.
Future research should be aimed at improving this methodology and continued measurement of validity and reliability. Given that information transfer was small, future investigators should consider the use of more obvious probes to maximize informationsharing. Potential ways to measure construct validity include: 1. Improving the intervention, either in the one-day training model or by attempting a more complex longitudinal intervention using some combination of the simulated environment, the real clinical setting, and other training techniques such as webbased educational programs; 2. Comparing intact teams that are known to differ in teamwork quality; and 3. Comparison to other measures that have yet to be completely validated such as videotape or real-time observation by expert raters. An additional area of research, implicated by the extremely positive response to this methodology on the post-course questionnaire, is how to use the probe methodology as a training tool to improve team information-sharing.
The use of planted probes to test for informationsharing seems to be a potentially viable research tool for assessing team communication and performance, although it is in need of further development. We intend to further develop training methods to improve medical team information-sharing skills that are essential for optimal team performance and to continue to assess and improve our ability to measure changes in team performance. *Percent change of group sharing (second scenario score Ϫ first scenario score). **Self-perceived change in information-sharing (average team score from post-course questionnaire; scale Ϫ3 to ϩ3).
